Purpose -The important role of publicly funded basic research has been widely recognized. The knowledge produced is made available to society, who could use it for innovation and in this way contribute to economic growth. Thus, it is important to support scientific activities. Proposes to examine how researchers could profit from approaches such as knowledge management.
Introduction
Nowadays, publicly funded basic research is seen as a major source of information and knowledge (see Salter and Martin, 2001) . In fact, according to Chalmers (1991) , ''the goal of science is to produce knowledge about the world''. However, there are multiple definitions of knowledge. It is therefore important to define our understanding of this notion. After looking into several definitions, we can propose the following definition based on the work of Frank (2003) and Simoni (2001) : Knowledge is a temporally stabilized comprehension resulting from interpretations of information, human experience and reflections based on a set of beliefs, which resides as fictive objects in people's mind and is suitable for transformation into actions. improvement out of it''. Thus, we can see the coherence between this approach and scientific activity. Therefore, the question that arises is how to go about it, which means defining how to manage and capitalize the knowledge produced, and how to rationalize and instrument activity. Nevertheless, the introduction of knowledge management into the scientific environment is not currently backed by a well-defined methodology. Thus, the introduction of this practice in the scientific environment needs to be studied in detail.
In order to do so, we relied on a phenomenon that we have observed in the scientific environment in recent years: the introduction of quality management in research organizations as a way of better structuring their activities. We have seen that it leads to a range of ideas about the way activities are performed. Apart from the usual revision of the procedures used for performing administrative activities, questions about the way documents, scientific data and research projects are managed start to appear. This might suggest that the introduction of knowledge management practices could be facilitated through the introduction of quality management, as it is the personnel themselves who start wondering about ways of improving the development of activities. This is reinforced by AFNOR (2001) that proposes the use of quality management to support the development of research activities by using an approach that consists of ''co-producing quality, the knowledge and know-how associated, by the ensemble of the involved parts within the framework of a progressive and continuous learning process''. Consequently, our approach has been to study the experience of some research organizations that have invested a part of their efforts in quality management. We have tried to observe the impact this methodology could have on the knowledge management practices used at these organizations. Our aim is to define ways to introduce knowledge management practices into research activities. The objective is to support the knowledge production process, by providing researchers tools that facilitate the development of daily activities and allow the capitalization of knowledge.
In the first part of this article, we describe the research methodology and some characteristics of research organizations. In the second part, we will present the observed knowledge management practices of a few research units trying to implement a quality management system. In the third part, we present an approach for addressing the implementation of knowledge management at research projects. In the final part, we present the basis for the definition of a tool aimed at supporting this approach.
The context
The research methodology We started our research process with a field study in order to understand the reality of research organizations when implementing a quality management system. This work was complemented by the definition of a proposal and has three main phases:
1. Fieldwork. The aim of this phase is to understand the reality of research organizations and the role quality management plays in the implementation of knowledge management. It corresponds to sociological work and was performed in several parts. We studied a research organization for four months, performed interviews at seven research organizations where formal efforts of introduction of quality management are being carried out and performed a follow-up study of the implementation process of the quality system at a research laboratory.
'' A basic problem is to know how to document and transmit the information relating to intermediate choices and results as a way of supporting the realization of subsequent research phases or projects.'
2. Analysis of the information gathered. Here the aim was comprehension of the situation, which allows us to propose some elements to be taken into account when introducing knowledge management in research organizations.
3. Instrumentation of the proposal. This phase consists of the design of a tool to support the management of knowledge in research organizations.
In the next section we present some aspects arising from the first phase.
Some characteristics of research organizations: diversity and the project-driven mode of operation
The fieldwork, together with the study of the literature on the functioning of these organizations, has allowed us to observe some important characteristics of research organizations. Among the main ones we find are the diversity of activity fields, the large quantity of records to be managed, the multiplicity of working methods, the large turnover of personnel and the multiplicity of activities that must be developed in parallel.
Another important aspect is that, according to the results of research in the sociology of sciences and our own observations, research activities are usually developed in the form of more or less structured research projects. Vinck (1995) writes:
The activities in the laboratory are structured in projects. The project is a sequential unit whose completion is the writing of a research report or of a publication. The project seems to be the unit of organization that allows the allocation of tasks to members of the laboratory, the ordering of supplies, the preparation of equipment, the proposal of phenomena to be studied and the orientation of library research . . . although the various tasks of a project can be carried out by different people, work is often carried out by only one person. The reason given by researchers is the need to access the history of the procedure by which the phenomenon is made visible.
These observations leads us to consider the practices regarding the management of projects in a way that allows research organizations to take advantage of the knowledge acquired and produced in an on-going project for the development of subsequent projects. From a sociological point of view, a very important aspect seems to be the need to know the contingent history[1] associated with the constitution of a phenomenon or with the establishment of a fact or a statement. Given this history and the high mobility of researchers, the issue of documentation, as a way of elucidating the process carried out, becomes a concern for the researchers themselves when they are involved in the reconsideration of a former stage or when they have to take charge of a project begun by a colleague.
This aspect directs our attention towards acute problems of traceability. A basic problem is to know how to document and transmit the information relating to intermediate choices and results as a way of supporting the realization of subsequent research phases or projects.
In this context, we studied the various approaches used by some research entities implementing a quality management system. We paid special attention to the management of information (data, documents, etc), since ''knowledge is based on data and information'' (Wunram et al., 2002) . In the next section, we present some of the knowledge management practices we observed.
Knowledge management in research organizations
If one takes the objectives of knowledge management, as defined by Steels (1993) , as being ''to promote knowledge growth, knowledge communication and knowledge preservation'', one can see a coincidence with the role one could define for research organizations. For this reason, we will propose some key elements related to the subject of knowledge management.
The current knowledge management practices resulting from the implementation of quality management
The assertions in terms of capitalization. Grundstein (1995) says that there is a:
. . . logic of capitalization that proceeds according to two lines of thinking:
B one line of thinking oriented towards the management of knowledge (management of technical data, document management, management of configurations);
B another line of thinking oriented towards the formalization of know-how (acquisition/representation of the fields of knowledge and of the reasoning relating to this knowledge).
We are going to analyze the way in which these lines of thinking are present in the research organizations we observed. We will look into the way in which the implementation of quality management has contributed to the ''logic of capitalization''.
The observations in terms of capitalization. The quality management systems implemented in the research organizations studied up until the time of writing are oriented towards the first line of thinking (management of knowledge). They started with the objective of improving the organizational aspects, mainly through the writing of documents (operational procedures and documents). For the management of these documents, the quality management system has been translated into information systems, often an intranet that sometimes manages other documents of the organization. This verifies the situation described by Gandon et al. (2002b) about the use of intranets and the web as means to manage documentation[2].
However, the information systems that we have observed have only been used for the management of the documents directly related to the quality system. Unlike the aim of projects like CoMMA (Gandon et al., 2002a) , they do not seek ''the management and the circulation of distributed knowledge''. At least this is not the case for knowledge that surpasses the limits of the one explicitly present in the quality management system. For the laboratories studied, the documents resulting from the research process are, in most cases, not managed by these systems. Not even documents presenting final results are always included in these systems.
The actual systems aim at facilitating the completion of activities by providing a tool that makes it possible to find documents or information and to organize those produced. The principle of re-utilization is implicitly present, but not explicitly expressed. In other words, the systems are developed in order to organize more than to re-use.
Concerning the second line of thinking (the formalization of know-how), it could be said that, usually, implementing quality management means formalizing at least a part of the know-how used by the employees of an organization. In the research organizations which we studied and where we performed interviews, this has been done for the administrative activities, such as purchasing or contracting. In contrast, this line of thinking has not been yet addressed to research activities, which continue to function mainly with little formalization of the related know-how.
Within this framework, we believe that there is an important place for the utilization of knowledge capitalization methodologies. However, the observed cases of implementation of quality management do not take them into account in an explicit way.
The corporate memory of research organizations
The concept of corporate or organizational memory is useful for understanding certain aspects of research activity. The reason can be expressed by quoting Stein (1995) who says that:
Organizational Memory is the means by which knowledge from the past is brought to bear on present activities, thus resulting in higher or lower levels of organizational effectiveness [3] .
It is then pertinent to analyze this concept in the context of research. In this framework, we find the definition of organizational memory proposed by Van Heijst et al. (1997) , to be suitable given the elucidation tradition existing in research. He defines it as:
. . .an explicit, disembodied, persistent representation of the knowledge and information in an organization.
For starters, we have seen that the implementation of quality management is used mainly for support activities. In other words, there is an effort of formalization and capitalization of the organizational memory for support activities, which is not accompanied by a similar effort for scientific activities.
In this context, know-how corresponds to the knowledge of the way of carrying out research projects and the activities that support them. This know-how forms part of the tacit competences (see Vinck, 1995) of researchers and is consequently not formalized. Additionally, scientific knowledge is the main raw material of the activity, mobilized by the creativity of the researcher. Therefore, the principles that try to organize the research activity, or part of it, can be perceived of as being non-applicable because they could be seen as constraining and/or opposite to imaginative creation. However, we believe that it is possible to implement practices which allow generated knowledge to be located, preserved, shared and brought up to date (Grundstein, 2002) for the benefit of the research activity.
According to AFNOR (2000), a process is a ''set of interrelated or interacting activities which transforms inputs into outputs''. When talking about the research process, one could say that it uses as main raw material (as input) the knowledge accessible to the researchers, internally and externally, in order to produce new knowledge (the output of the process). Thus, the research process could be represented as shown in Figure 1 .
For that reason, we find that the typology of corporate memory suggested by Dieng et al. (1999) is pertinent in this context. This typology distinguishes between the internal memory (''corresponding to knowledge and information internal to the company'') and the external memory (''corresponding to knowledge and information useful for the company but coming from the external world''). According to these authors, the role of corporate memory is to provide ''the right knowledge or information to the right person at the right time and at the right level'' (Dieng et al., 1999) . Consequently, accomplishment of the research process could be related in a very important way to the researchers' access to both of these memories and to their capacity to mobilize them. It would then be desirable to incorporate measures to facilitate the researchers' access to the internal and external memory. The position expressed by Groleau (2002) could be used to support this idea. She says that:
. . .the possibility of increasing the effectiveness of work within organizations greatly depends on the configuration of information sources offered to workers in that environment, the vision they offer and the competence of workers to act upon it.
Additionally, as the activity is basically organized in projects, project memory (''comprising the project definition, activities, history and results.'' (Dieng et al., 1999) ) could be seen as the main constituent of the internal memory, and therefore should be also considered.
As we have shown, we are confronted with a situation where quality management starts to introduce some elements (formalization, document management and ideas originating from the implementation process) that could support the introduction of knowledge management in activities where both internal and external memories are important for the accomplishment of the activity. For that reason, it is necessary to establish a way of complementing the practices already in place and improving the management of knowledge. This is the subject we will develop in the next section.
Figure 1 The research process
An approach for addressing the implementation of knowledge management in research organizations
We are interested in finding ways to profit from the knowledge produced throughout the completion of research projects. However, Wunram et al. (2002) indicates that ''the approaches that start with the goal of capturing all the knowledge of the employees are predetermined to fail''. It is thus necessary to define the knowledge that is more beneficial to research activities.
Which knowledge to capitalize?
In order to look for ways of introducing knowledge management in research activities, we analyzed in detail the information used and generated during the completion of this kind of project, studying the support it offers to the capitalization of knowledge. This allowed us to note that most of the elucidated knowledge, resulting from research projects, is already capitalized thanks to the existing valorization mechanisms existing in scientific research. However, a great amount of the knowledge produced during the research process remains barely capitalized. Therefore, the question is how to capitalize this knowledge.
In this context, the concept of artifact seems useful to us. Groleau (2002) presents the definition given by Hutchins who says that ''artifacts are repositories of knowledge constructed in durable material form''. Consequently, we could say that during the completion of research projects there are a great number of artifacts produced. Here, it is important to state that for us, an artifact is an element having a material form (or a virtual form, as it can also exist only on a computer system) which can convey a part of the knowledge held by its author, provided that its receiver knows the context in which it was conceived and has the necessary knowledge for its interpretation. In this sense, artifacts are ways of translating a part of their authors' knowledge in order to give a representation that can be stored and potentially, shared and re-used. For this reason, we decided to focus on the capitalization of artifacts, as a way to introduce knowledge management practices into research.
What are the artifacts produced?
In order to clearly define the artifacts produced during the completion of research projects, we modeled them using the structured analysis design technique (SADT) principles for inspiration (see Figure 2 ).
It is important to note that this model is purposely general and not centered on a specific research domain. Its function is to help us define the artifacts produced when developing research projects, more than the exact activities carried out. Thanks to the model, we were able to identify 102 artifacts (represented in the model as the links between activities) that we, for comprehension purposes, classified into three categories:
1. Artifacts related to the bibliography: such as, publications, research reports, books, researchers' notes to documents, concepts found in documents, etc.
2. Artifacts related to the management of the project: such as, project plan, meeting reports, etc.
3. Artifacts related to the intermediate results: such as, software and hardware developed for a project, data gathered and treated, etc.
'' The systems are developed in order to organize more than to re-use. '' This leaves us with the problem of finding ways to capitalize each one of these three kinds of artifacts.
How to capitalize artifacts?
In order to answer this question, we envisioned two possibilities:
1. methodological tools; and 2. software tools.
Concerning the first possibility, we analyzed the existing methods for building project memories. We have identified many interesting works (see Bekhti and Matta, 2003) , but none adapted to the characteristics of research projects, especially because of the dynamic environment and the non repetitiveness of the projects.
Regarding software tools, we have tried to identify the most important knowledge management software tools currently available on the market in order to analyze their functionalities and their capacity to facilitate the capitalization of the artifacts or intermediate Figure 2 Representation of research projects results issued from research projects. After analyzing the functionalities offered by 224 tools available through 53 companies, we concluded that the data-processing developments offer many possibilities for knowledge management in research organizations. Nevertheless, we are inclined to think that it still lacks a tool adapted to the basic research activity, dealing with the capitalization of artifacts. If we compare the tools available for the artifacts we have identified, we see that the situation could be schematically presented as follows:
B There are a number of interesting tools offering functionalities for project management.
B There are a few tools offering functionalities for data management, which could support the management of the artifacts related to the intermediate results, concretely those related to the data gathered and treated.
B Some tools manage particular aspects of the management of documents, such as classification and storing.
Apart from the tools available on the market, some researchers have already worked on the development of the development of tools dealing with the management of knowledge produced by research activity (see Buckingham Shum et al., 1999; Gardoni et al., 2004; Ló pez-Ortega et al., 2004; Oliveira et al., 2003; Sarini et al., 2004; Vorakulpipat, 2004) . However, most of them are still at a developmental stage. Additionally, we have noted that they do not take into account the capitalization of the knowledge acquired while doing bibliographical research, which is a stage present in all research projects, no matter what domain the project belongs to. There is then a lack of tools offering support to researchers when developing the process of bibliographical research. For this reason, we have decided to concentrate on the management and the capitalization of the bibliographical work done within research projects and to define a software tool for performing this process, given the advantages information technology offers for this kind of task.
Proposal of a tool for capitalizing knowledge through bibliographical research: BASIC Lab
It is important to clarify, that by bibliographical work we mean all the interactions that a researcher, a project team and even a laboratory as a whole, has with bibliographical sources. Specifically, that is all interactions from the moment a researcher starts looking for the available knowledge which could probably be useful for treating a scientific question, to the moment he/she produces new documents (notably publications), containing his/her findings (or the findings of a project team). This includes the research, annotation and analysis of documents, as well as the selection and manipulation of useful concepts until the production of new concepts, usually incorporated in new documents. The idea is to support the researcher in the completion of this work, and by doing so, to capitalize, at least, part of the knowledge acquired and produced.
Functional analysis
In order to define the specifications of the tool, which we have called BASIC LabBibliographic Artifacts for ScIentific knowledge Creation in Research LABoratories -we performed a functional analysis based on the sociological work and on our model of research projects. This helped us to identify as main functions:
B The location and analysis of interesting information in the external information sources. The system has to facilitate the activities of information research and of analysis of the information found.
B The selection and analysis of interesting information available in the internal information sources.
B The provision of relevant information to a project in progress.
B The enrichment of the information available in the internal information sources.
B The sharing of the bibliographical information collected and produced.
B The support of the writing of publications.
We relied on the work we had previously done for identifying the knowledge management software tools (section ''How to capitalize artifacts?'') and we complemented it with a new identification work, focused on the bibliographic management tools available in order to identify the technical options available to respond to these functions. We found tools specially conceived to manage certain aspects related to the management of the bibliography, mainly for the management and for the visualization of references. Therefore, the conclusion was that the tools already available on the market support some specific tasks needed when managing bibliographical sources (such as references management and visualization), but there is not a tool providing a support to the process as a whole. Moreover, there is a very important function for which we have not been able to identify any tool. We refer to the management of the scientific concepts that appear in the bibliographical sources. Specifically, we were unable to identify solutions concerned with the location and extraction of definitions and descriptions of the scientific concepts contained in documents resulting from research processes. Here it is important to note that by scientific concepts we mean the constructions based on previous scientific knowledge and supporting data, that undergo an evaluation procedure to verify their ability to explore, explain, describe, predict or influence a phenomenon. This aspect can be very useful for research activity in general and for practical aspects like the writing of scientific documents. In fact, according to Dunbar (2004) That is why we intend to support the researcher when managing (which means using and developing) concepts, by supporting the bibliographical work linked to this process.
The scenario-based analysis
In order to define in detail the specifications of the tool, we analyzed the probable scenarios of use. We started by looking at the activities already done by researchers when doing bibliographical research, without any special tool for supporting their activity. For the time being, we have identified eight scenarios: For each of these scenarios we have identified the possible situations a researcher can encounter. These scenarios can be represented as shown in Figure 3 .
This figure shows the different ways in which a researcher could interact with the tool when doing bibliographical research. We have also represented the interactions between the different elements that appear in this activity: researchers, projects, documents, concepts '' The concept of corporate or organizational memory is useful for understanding certain aspects of research activity. '' and annotations, which are introduced as a way of capturing a part of the knowledge of the researcher who reads a document.
The UML model
The analyses shown in the previous two sections, have allowed us to model the tool in UML and to define the main functionalities that the tool should have to support the researchers' activities (see Figure 4) .
This model allows us to establish the basis for the specifications of a software tool aimed at supporting researchers in their work with bibliographical sources. These are seen as artifacts representing a part of the knowledge produced as a result of previous scientific work. Their function is to partially transfer concepts that other researchers will be able to use to produce new concepts. The idea is to support this process in order to allow researchers to concentrate more on intellectual activities and less on routine activities.
Conclusions
Our research started with the objective of defining ways of improving the knowledge production process in research organizations. We studied the experiences of some research organizations engaged in quality management, as we observed that this process leads to a range of ideas about the way documents, data and projects are managed, which could be favorable for the introduction of knowledge management practices.
In order to look for ways of establishing the concrete methods of implementing this kind of practices, we analyzed the activities performed during the research process and the information used and generated by these activities. This enabled us to observe that a very important aspect is the management of the knowledge produced and acquired during the realization of projects. A part of this knowledge is materialized in the form of artifacts.
Subsequently, the schematization of the way in which research projects are undertaken allowed us to identify three kinds of artifacts:
1. those related to the bibliography; 2. those related to the management of projects; and Figure 3 Scenarios of utilization of a tool for supporting bibliographic research 3. those related to intermediate results.
In order to find ways to capitalize these three kinds of artifacts, we studied two main approaches:
Regarding methodological tools, we did not find any tool we considered adapted to the bibliographical research activity. Regarding software tools, we assessed the current depth of supply and the lack of tools that could facilitate the capitalization of knowledge acquired from bibliographical research. Given this situation and the transversal character that this work has relating to different research domains, we decided to work towards the definition of a tool focused on the capitalization of the artifacts produced when carrying out bibliographical research.
Subsequently, an examination of the technical options available led us to note that there is no tool which includes the management of scientific concepts. The latter are the basic elements handled by researchers when dealing with bibliography in the context of research projects.
For that reason, we decided to concentrate on the definition of a tool that could provide support to researchers during the completion of bibliographical work by allowing the Figure 4 Class diagram for a support system for the completion of bibliographical work related to the manipulation of scientific concepts manipulation of scientific concepts. To do so, we did a functional analysis and a scenario-based analysis that helped us to model this system with UML. These activities have allowed us to establish the basis for the specification of a software tool, which we called BASIC Lab. We have already developed a prototype of the tool and intend to experiment it during the coming months.
Notes
1. The expression ''contingent history" is used here in the sense that the realization of research projects entails contingencies, and as a consequence may present an important variability from one project to the next.
2. Gandon et al. (2002a) write: ''Organizations take advantage of internet technologies to simplify the diffusion of knowledge, leading to the setup of intranets. Web technologies are used to setup corporate webs to distribute information in a uniform way independently of the information storage (Corby and Dieng, 1997) ''.
3. He adds that memories are ''a particular type of information'' and that ''a memory is a persistent record not dependent on a tight coupling between sender and receiver''.
